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Development dysplasia of the hip (DDH) is one of the most 
common hip defects in newborns. The main phenotypes of 
the disease are partial or whole femoral head extrusion from 
the acetabulum [1]. Because the frequency of DDH in mon- 
ozygotic twins was higher than that in dizygotic twins, and 
the affected individuals were often in the same family [2], we 
are focusing on the genetic factor in the present study. 
Growth differentiation factor 5 (GDF5) belongs to the 
transforming growth factor (TGF)-beta super-family of 
proteins. It plays an important role in embryonic limb de-
velopment, especially in the formation of cartilage and ar-
ticular cavities. In early skeletal development, it promotes 
the aggregation and adherence of protochondrial cells; and 
in the late period, it stimulates the proliferation and hyper-
trophy of cartilage cells [3].  
In the present study, we performed an association study 
between GDF5 and DDH development in a female Han 
Chinese population by genotyping GDF5 single nucleotide 
polymorphisms (SNPs) with the aim of determining the 
relationship between GDF5 and DDH.  
We selected 192 unrelated female Han Chinese DDH pa-
tients (mean age±SD=5.21±3.16 months) and 191 unrelated, 
healthy, ethnically-matched female controls (mean age±SD= 
6.22±3.85 months) from Tianjin Hospital, Tianjin, China; 
there were only 11 bilateral DDH patients, while the other 
patients were unilateral. All patients had been diagnosed 
with DDH using ultrasound and radiography according to 
the clinical criteria: acetabulum angle increased (>25°), 
center-edge (CE) angle decreased (<20°), sharp angle in-
creased (>45°), the Shenton’s line disrupted, and the ace-
tabular head index (AHl) was not in the scope of 84%85%. 
Those patients with systemic syndrome were excluded from 
the study. All selected DDH cases were sporadic and there 
was no family history of the disease. Informed consent for 
study participation was obtained from the parent/guardian 
of each patient. The study protocol is in accordance with the 
ethical guidelines of the 1975 Declaration of Helsinki and is 
approved by the Ethics Committee of the National Research 
Institute for Family Planning. 
Genomic DNA from peripheral blood leukocytes of 
DDH patients and controls was extracted by a QIAamp 
blood kit (Qiagen, Hilden, Germany) according to the manu- 
facturer’s instructions.  
The tag SNPs were selected according to Phase II of the 
International HapMap project. We selected tag SNPs con-
sidering their pairwise tagging algorithms; r2 exceeded 0.8 
for all known SNPs with a minor allele frequency (MAF)> 
5% [4]. 
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The PCR primers for the association study were designed 
using Sequenom MassARRAY® designer software. Pheno-
typic analysis was performed by matrix-assisted laser desorp-
tion/ionization time-of-flight mass spectrometry (MALDI- 
TOF MS) after PCR product purification. 
Allele frequencies and genotype distributions of patients 
and controls were analyzed by Pearson -square tests using 
the SPSS10.0 software. According to the Bonferroni correc-
tion, the estimated statistical significance was P<0.025. At 
last, the statistical power was calculated by power and pre-
cision v4 software.  
Two tag SNPs, rs224332 and rs224333, were identified 
using the methods described above, and were analyzed for 
genotyping. Both SNPs were located in the same intron of 
GDF5. The distributions of the two SNPs in both patient 
and control groups were in Hardy-Weinberg equilibrium 
(P0.05). The statistical power value was 0. 85. 
For SNP rs224332, significant differences in both allele 
frequency and genotype distribution were observed between 
patients and controls (2=10.65, df=1, P=0.001 and 2= 
11.03, df=2, P=0.004, respectively). The C allele was indi-
cated to be a risk factor for DDH development because of 
its higher frequency in patients (94.79%). Genotype distri-
bution analysis indicated a recessive mode of transmission 
(2=9.33, df=1, P=0.001) (Table 1). Significant differences 
existed between the CC genotype and the other two geno-
types combined in the rs224332 SNP.  
SNP rs224333 also showed an association with DDH 
development (Table 1). Significant differences were ob-
served in allele frequencies and genotype distributions in 
patient and control groups (2=7.68, df=1, P=0.006 and 
2=12.10, df=2, P=0.002, respectively). The G allele was 
shown to be a risk factor for DDH development, and geno-
type distribution analysis suggested a dominant mode of 
inheritance (2=10.88, df=1, P=0.001). The GG genotype 
frequency of the rs224333 SNP was significantly higher 
than that of the other two genotypes combined. 
Previously, other SNPs have been shown to be associated 
with DDH development [5,6], but this is the first time to 
suggest association between another two SNPs (rs224332 
and rs224333) and DDH.    
In the database of the 1000 Genomes Project (http://www. 
1000genomes.org), C is the common allele of rs224332 
associated with DDH development, with a frequency of 
88% in all populations and 85% in the ASN database. Simi-
larly, G is the common allele of rs224333 associated with 
DDH development. The frequencies of the G allele are  
54% and 76% in all populations and ASN, respectively.   
Thus, our association study provides another example of a 
common allele that could be related to disease development 
[7]. 
GDF5 levels vary during joint formation. The protein is 
first detected in the developing limb joint on day 11.5 days 
post-conception (dpc) and continues to be expressed on 
days 12.5–14.5, decreasing after day 15.5 dpc [8]. GDF5 
affects skeletal development by stimulating the develop-
ment, growth and maturation of cartilage, and restricts syn-
ovial joint formation by regulating the expression of 
joint-specific markers [9]. Thus, GDF5 is an important factor 
in regulating joint formation and hip development. 
Besides, two pathological lesions (limbus and neolimbu) 
which were characterized by fibrous and fibrocartilaginous 
hyperplasia were detected in DDH patients [10]. Motta [11] 
showed that neolimbus existed in 25 DDH patients but was 
absent from 300 controls. Considering the effects of GDF5 
on cartilage development, it is conceivable that abnormal 
GDF5 is related to these pathological lesions, and thus con-
tributes to the process of DDH development. 
In conclusion, we have established an association be-
tween two SNPs (rs224332 and rs224333) of GDF5 and 
DDH development in a female Chinese population. Our 
findings indicate that GDF5 may be a candidate gene for 
DDH development, and are helpful in understanding the 
genetic pathogenesis of DDH.  
Table 1  Allele frequencies and genotype distributions of GDF5 tag SNPs 
Single marker  Allele Genotype 
rs224332 
 A (freq) C (freq) A/A (freq) A/C (freq) C/C (freq) 
Case 20 (5.21%) 364 (94.79%) 0 (0%) 20 (10.42%) 172 (89.58%) 
Control 45 (11.78%) 337 (88.22%) 2 (1.05%) 41 (21.47%) 148 (77.49%) 
 2=10.65, df=1, P=0.001 2=11.03, df=2, P=0.004 
2=9.33, df=1, P=0.001 by recessive mode 
rs224333 
 A (freq) G (freq) A/A (freq) A/G (freq) G/G (freq) 
Case 59 (15.45%) 323 (84.55%) 1 (0.52%) 57 (29.84%) 133 (69.63%) 
Control 88 (23.40%) 288 (76.60%) 13 (6.91%) 62 (32.98%) 113 (60.11%) 
 2=7.68, df=1, P=0.006 2=12.10, df=2, P=0.002 
2=10.88, df=1, P=0.001 by dominant mode 
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